Incorporating adaptation into subsistence farming systems is an important strategy to reduce damages related to climate change and to protect livelihoods in developing countries. Using a dataset of 450 farm households collected from three agro-ecological zones, this study examines rural networks, assesses farm-level institutional support and documents any existing structural gaps on climate change adaptation in the agricultural sector of Pakistan. For this purpose, a social network analysis method is used. The study findings reveal that farmers reported a decrease in crop production and increase in pests and diseases due to climate change. Further, changing crop varieties, sowing dates, input mixes and planting trees are the key measures adopted by farmers. Lack of information, finances and resources are the key adaptation constraints. The study findings show that only 28% and 13% of the respondents do not have access to financial services and climate adaptation knowledge, respectively. Support to farmers mainly consists of marketing information and farm equipment from community-based organizations, while private institutions offer weather forecasting services. Public institutions are poorly represented in the network analysis. We also found that extension services are key institutions in the climate adaptation network, while agricultural credits, post-harvest services and marketing of produce were dominant but weakly connected in the financial support network. We also found that with an increase in the provision of services at the farm level, farmers not only adapt more but also move from low-cost and short-term measures to advanced measures. This study proposes an integrated framework to improve the stakeholders' networking through different kind of partnerships and better adaptation to climate change.
Introduction
Projected changes in climate and the increasing frequency of extreme events over the 21st century pose serious threats to agricultural development in developing countries [1] . Over the last two decades, Pakistan has become highly vulnerable to climate change events like floods, droughts, extreme temperature and uncertain rainfalls [2] [3] [4] . The agricultural sector, which is a source of livelihood for more than half of the population in Pakistan, has particularly been the most affected sector by climate change due to a lack of infrastructure and adaptive capacity [5] . For instance, the floods in as climatic condition, cropping patterns and socioeconomic settings with the marginal land zone. The district Toba Tek Singh, from the irrigated plains, the district Rahim Yar Khan, from the marginal land zone, and the district Gujrat from the Barani (rain-fed) region were selected. All three selected districts are different in term of local climate, environment and geography and hence are subject to various kinds of environmental and socioeconomic constraints [1, 2] . The district Rahim Yar Khan has a very hot and arid climate in summer with a maximum and minimum temperature recorded at 49.7 • C and 6.8 • C, respectively. The district receives an overall annual rainfall of 165 mm [2] . The historical climate records of the district show an increasing trend towards seasonal temperature and rainfall over the period 1980-2013 [2] . The district Toba Tek Singh is characterized by hot temperatures in summer and cold temperatures in winter. The average temperature in the district ranges between 17 • C-31 • C, and the average rainfall is 383 mm per annum. The historical climate records show an increasing trend for seasonal temperatures and a decreasing trend in winter rainfall over the period of 1980-2013. The district Gujrat has a moderate climate with annual average temperature ranging between 17 • C-30 • C and an average rainfall of 864 mm annually. The historical climate records show an increasing trend towards seasonal temperatures and a decreasing trend for rainfall over the period 1980-2013 [2] . Figure 1 shows the map of case study areas located in the Punjab province. 
Social Network Analysis
There is growing recognition in the literature to use social network analysis in resource governance and adaptation studies at various scales ranging from regional to local [41, 42] . A social network mainly consists of interdependent actors that interact with each other to establish the flow of resources or information. These interactions may be either one-directional or two-directional. Grounded in systematic empirical data, social network analysis is primarily motivated by identifying the structural ties linking interdependent social actors and uses graphic imagery and computational models to uncover patterns that might otherwise go undetected [43, 44] . Unlike the standard social science research that heavily focuses on the attributes of individual actors, social network analysis focuses on the characteristics and linkages of social actors to uncover the hidden theoretical motivations behind the social relationships that shape environmental outcomes and individual decision-making [45] . Studying the role of social networks in adaptation and governance can reveal deficiencies in the existing farmer support management that can be useful to enhance the local adaptive capacities and resilience to climate change. Based on network theory, this study selected two measures (structural holes and density) of the social network to analyze patterns of interrelationship and to understand the level of synergy among local stakeholders in agriculture and adaptation implementation.
Structural Holes
This study is mainly interested in understanding how social networks facilitate the identification of stakeholder positions in a network and how these actors link various parts of the system together [42, 44, 46] . Further, through social network analysis, the study also explores the structural holes among different actors. Structural holes represent the empty spaces in social structures that exist between two actors when they are not connected, even by having some common or mutual goals. There are many ways to measure structural holes, including bridge counts, hierarchy, constraint values, and ego betweenness [46] .
Several mathematical indices are used to define the significance of an individual unit or actor within the network domain [46] . Equation (1) describes the betweenness centrality index that counts the number of network pathways passing through an actor, and is used to measure how much potential control an actor has in sharing relevant information across the social network [42] .
where B C (i) represents the betweenness centrality of actor i, ∂ ijk shows the number of paths linking actors i and k that passes through actor j, and ∂ ik is the number of paths connecting actor i and k. This definition works under the assumption that interactions between two nonadjacent actors might depend on other actors, particularly the actors who lie on the path between two [45] . In other words, we can say that the actors, who rest among many others, may act as "broker" to disseminate adaptation information to other actors. Through information sharing with other actors, they are not only able to positively affect the individual decision-making of others, but they will also influence the level of collective knowledge in the community to resolve common resource problems. For instance, if a community has well-equipped brokers or well-connected actors, then the overall adaptive capacity of the community will increase and it may reduce the damage from climate change and related risks. On the other hand, unconnected or weakly-equipped brokers may negatively affect the adaptive capacity of the community and may increase its exposure to climate change and its adverse impacts [46] .
Density
Network density represents the average strength of the connection between actors [42] and indicates how actors are linked together [44] . The density (d i ) in Equation (2) calculates the proportion of ties existing in a network and explores the community behavior, attitudes, and performance.
where n depicts the number of actors connected to actor i and L is the number of lines between the actors. Density scores represent the cohesion levels among actors, where higher density indicates the higher number of ties between actors based on the assumption of close communication in the community. For instance, poor adaptation at farm level may be due to fragmentation or missing links in the community that may be identified through social network analysis and may be improved accordingly.
Data Collection and Analysis
Fieldwork was conducted in March-April 2014. A multi-stage sampling technique was used to select the study districts and 450 farm households. Details on the sampling method may be found in [1] . A structured questionnaire was used to collect the relational (social network) data on actor linkages, their socio-economic attributes, and adaptation to climate change (for the detailed survey questionnaire, please see [47] ). Before the final data collection, the questionnaire was pre-tested in the field to avoid missing any important information. Data collection was done with the help of three enumerators hired from the local agricultural university located in Faisalabad, Pakistan. The enumerators were trained in the questionnaire terminology and data collection techniques.
After that, the social network data were converted into an actor matrix and analyzed for brokerage using the algorithm for measuring the extent to which a vertex (actor) lies on the path between other vertices (actors) (called betweenness centrality) that finds the geodesics (specific structure) in the network and then computes the potential connections of every actor in the community. The output data were then visualized as a sociograph using NetDraw™ that efficiently illustrates the actual situation at the grassroots [48] .
To simplify our understanding of the networks at the local level, we divide the data sets into two main categories, climate adaptation access (CA_Access) and financial support. Climate adaptation access deals with activities directly related to climate change and adaptation and includes extension services, weather information and water delivery. Financial support deals with activities that increase the adaptive capacity of farmers through an increase in agricultural output or income for the farmers and includes agricultural credit, marketing information, post-harvest processing and the marketing of produce and farm machinery. Table A1 in Appendix A describes the acronyms representing the nodes in both networks. Table 1 shows the socioeconomic characteristics of the sample households in the study regions. The average years of schooling of the respondents were around nine years and the average age was around 47 years. These findings were similar to other studies conducted in Punjab, e.g., [49, 50] . The average household size was around 10, which was a bit higher than the provincial average of seven members [50] . The study findings show that the average farm size was around six hectares and the average income around 1326 thousand Pakistan rupees. For the majority of the farm households, agriculture was the main source of earnings, as it contributes about 71% of the total household income in the study regions, while the share of non-agricultural income was around 29%. Regarding the use of formal credit facilities, the study findings show that only a small fraction of respondents (8%) had actually used credit services from any formal source. However, the majority of farmers (81%) reported having access to marketing information and modern telecommunication tools. It is also observed that both of these services play a major role in accessing production and climate-related information among farmers. However, the access to farm advisory services (21%) was found to be limited in the study area. This might be due to the limited human resources available to the public organization to provide advisory services at the farm level. These results are in line with the findings of [51] that show limited access to an extension in other parts of Pakistan as well. 
Results and Discussion

Descriptive Statistics
Climate Change Impacts and Adaptation Strategies
Farmers in the study area were mainly of the view that climate change is happening and affecting their crops and livelihoods mostly in a negative sense (Figure 2 ). The majority of the farmers reported a decrease or uncertainty in crop yields, an increase in the cost of production due to climate-induced pests and diseases and water shortages as key negative impacts of climate change at the farm level. However, the farmers in the rain-fed district (Gujrat) perceived more negative impacts in terms of a decrease in crop production than the other two districts. In response to the perceived changes, farmers adapt various measures to climate change. Overall, 58% of the farmers adapted to climate change. However, adaptation was highest in the Gujrat district (70%) and lowest in Rahim Yar Khan (49%). Changing crop varieties, sowing dates, crop types, sowing and harvesting dates and planting trees are the key adaptation strategies in the study area. Few farmers also adopted crop diversification, soil and water conservation, migration as adaptation measures to climate change. The adoption of adaptation strategies varies across the three regions depending on the nature of climatic risk. For instance, changing cropping varieties and sowing dates were adopted more in rain-fed regions, because farmers in Gujrat mainly rely on rainfall for their crop production and due to changes in climate they have had to adjust their farming practices accordingly. Changes in input mixes and crop types are adopted more by farmers in Rahim Yar Khan, where farmers have better access to irrigation water and can afford such changes in farming practices. Similar to the findings of the study, other studies conducted in different parts of Pakistan, e.g., [36, 37] are also evidence that farmers are aware of changes in climate and adopting different coping strategies to reduce the negative impacts of climate change at the farm level.
However, some farmers do not adopt any measures, mainly due to some constraints reported by farmers, such as lack of information, lack of financial assistance and limited resources. Here, lack of information deals with access to information on how to cope with different climatic risks and possible adjustments to current farming practices in light of climate change. However, due to the limited outreach of extension services, mostly farmers remain unaware of advanced measures to tackle issues at the farm level. It is also observed that mainly small farmers complain about little access to extension services, while large farmers mostly have good connections with public extension officers to avail themselves of different kinds of information [1] . Further, a lack of financial assistance deals with the financial capacity of farmers to invest in agricultural adaptation. As we have already seen, only a few farmers have actually availed themselves of formal credit, since the farmers in the study area are small and are unable to fulfill the requirements to obtain formal credit. Sometimes, they are also hesitant to obtain formal credit due to high interest rates and credit-tenure [1, 40] . The third constraint deals with access to resources, which are limited in the study area. Limited access to resources such as water and farm inputs is mainly due to small-scale farming and biased resource access to farmers. Many resources like water and quality fertilizer and pesticides are accessible by large farmers. 
Linking Climate Change Adaptation Social Networks and Institutional Services
Institutions Providing on-Farm Services
Access to different institutional services could play an important role in determining farmers' resilience or adaptive capacity to cope with the consequences of climate change at the farm and household level. For instance, with better institutional access, farmers could be well prepared and also be able to adjust their farming practices according to changes in the climate, and hence may protect their crops and livelihoods from the negative impacts of climate change. On the other hand, limited institutional access may become the cause of the increasing vulnerability of farmers to climate change and could also reduce the level of adaptation to climate change. Here, we discuss a different kind of institution and their services in the context of climate change adaptation.
There are three types of institutional governance systems active in rural Pakistan that support farmers in the provision of different kind of services to improve crop productivity and adaptation to climate change (see Table 2 for details). The first system is the public agencies or entities that have the vast public infrastructure and top-down institutional hierarchy to serve farmers at the grassroots level. These entities are present at the federal, provincial, district and even at union council level. Most of these entities are established with the sole objective of enhancing agricultural productivity in the region by providing low-cost or free-of-cost services to farmers. Some of the key services provided by these entities include an extension or advisory services regarding the enhancement of crop and livestock productivity, pest scouting, subsidized water-saving technologies, soil and water testing, marketing information and credit facilities. Particularly, the extension department is of much importance as it directly links to farmers in providing crop-specific information to enhance productivity. In Punjab, the extension and adaptive research wing of the department of agriculture (headquarters in Lahore) are responsible for providing public extension services to farmers through its extended extension network ranging from the regional (province to district) to the local level (union council to village and farm level). The second type of institutional governance system consists of private organizations, including non-governmental organizations that are present from the regional to the local scale and are mainly involved in the selling and distribution of farm inputs and services to farmers. Some of the key services provided by private entities include agricultural credit, input distribution, farm advisory services, farm implements, weather, and marketing information. Although some of these free services, i.e., farm advisory services could be the part of the marketing strategy of a private organization that aims to increase their profits through selling different agricultural products (fertilizer, seeds, and pesticides) to farmers. The third type is the informal community-led groups or connections that farmers use to avail themselves of different services including informal credits, farm implements, weather, and marketing information. Mostly, these connections consist of small circles of friends and co-farmers that work on the principle of trust and sharing and help each other in times of need. Figure 3 shows the connections and linkages between public and private institutions, where the color shows the active (dark blue lines) or inactive connection (light blue lines) between two institutions, whereas the density of lines shows the strength of the connection between connected institutions. Active connection means that two or more institutions work jointly for the provision of some on-farm services to farmers, while the inactive linkage means that an institution does not have any interaction on linkage with other institution and works separately. Figure 3 shows the presence of many inactive connections between actors, implying that most of the institutions are not well-connected and normally work in isolation from other neighboring institutions. However, only the extension department is somehow connected to other institutions such as on-farm water management (OFWM), irrigation department, pest warning, agricultural field and some private companies that provide advisory and information services to farmers. On some occasions, these institutions work jointly with the extension department to provide on-farm services to farmers, such as information on water-saving technologies, farming practices, new fertilizers and pesticides. In line with our findings, various studies, e.g., [51] [52] [53] also stated the weak linkages and coordination between allied state and non-state institutions related to agriculture in Pakistan. This lack of coordination could lead to the inefficient use of the public resources allocated to agriculture and may also be one of the reasons behind the poor performance of most of the public institutions in providing services to farmers. It is quite possible that through joint collective actions, these institutions could provide services to many farmers using fewer resources. However, this kind of horizontal integration and collective actions require proper policies. 
Farmers' Access to Institutional Services
The study results reveal that 89% of the farms surveyed have access to any of the 24 categories of institutions and eight main types of services that are offered to farmers, while the remaining respondents do not participate in the services offered by various institutions. However, not all the farmers have complete access to all services, as this depends on the farmer's socio-economic status and resources.
Private, public and community institutions offer the community information related to weather conditions and also ways to adapt their agricultural livelihoods. The services provided to farmers can be classified into two categories, namely access to financial services and access to adaptation knowledge services. The results from the study show that only 28% and 13% of the respondents do not have access to any financial services and climate adaptation knowledge respectively.
Access to financial services is provided through agricultural credit services, affordable farm equipment (lease/buy options), marketing farm produce, post-harvest services and general marketing information. These services enhance the farmers' ability to increase their capacity to buy more seeds, equipment to plough larger parcels of land, avenues to market their products or learn new agricultural skills or plants with higher profits and increase the value of their harvested produce before selling for more profits. This is the business-as-usual scenario for most agricultural sectors.
However, in addition to increasing agricultural productivity, there are institutions that offer services related to climate-related matters and new knowledge in smart agriculture to increase livelihood output despite changing climatic conditions. The access to climate adaptation knowledge services includes agricultural extension services, provision of weather information and delivery of water to villages. The study revealed that respondents have 32%, 96% and 82% access to extension services, weather information and water delivery services, respectively, in the climate adaptation knowledge area.
The Institutional-Services-Farmers Network
The social network data were analyzed to assess the network density, structural holes, and suitable brokers. Figures 4 and 5 show the adaptation access and financial support networks, where farmers in three districts (Rahim Yar Khan, Toba Tek Singh and Gujrat) are connected to different institutional actors in both networks. According to the study results, network with density of 0.013 emanating from the 2938 ties between the actors confirms the few links between stakeholders involved in the agriculture sector. In the adaptation network represented in Figure 4 , farmers in all three districts are well connected to weather information from private sources (WeathPrv), followed by water delivery information from public (WatPub) and community sources (WatCom). Private sources through which farmers acquire weather forecasting information include modern telecommunication means such as the internet, radio and television that are easily available even in rural areas. The higher dependence on private sources of weather forecasting information shows their lack of access to public information sources as shown in the network where farmers in all three regions are loosely connected with public actors. This lack of access is mainly due to lack of awareness, as there are various public entities at the federal (meteorology department) and provincial (agriculture department) levels using their web portals to disseminate information on daily and seasonal weather forecasting and issue alerts especially for farmers.
Further, water delivery information comes to farmers mainly from public sources, such as the irrigation department, or community sources including friends, relatives and co-farmers. In rural areas, it is common to have contacts with lower rank irrigation staff to acquire water-related information particularly during the crop sowing and early growth stages. These findings are in line with other studies, e.g., [1, 54, 55] conducted in parts of Punjab province of Pakistan showing the role of local connections in acquiring water and agriculture-related information. Agricultural extension, an important factor in the network, which is supposed to be an essential component of agricultural development, is found to be loosely connected to the network compared to the other two actors. Particularly, in the rain-fed district (Gujrat) access to public extension is highly restricted compared to the other two districts. Farmers rely mainly on community source actors to acquire extension and agricultural information followed by public and private extension sources. In line with our findings, Yaseen [56] also reported that about half of the farmers in Punjab rely on the community, while a very low percentage of farmers actually have access to public or private extension sources. Similarly, the findings of other studies, e.g., [54, 55, 57] also confirm the notion of the limited role of public institutions in the provision of various on-farm services to farmers in Pakistan. In light of the current changes in climate and the frequency of extreme events and their adverse impacts on the agriculture sector, the role of public and private extension services is very crucial [1] . However, the shortage of human resources and lack of infrastructure are some of the main challenges faced by public extension in Punjab, where each extension actor is responsible for serving hundreds of farmers. Another reason for low access to farmers may be the biased provision of extension services mainly to large farmers at the local level, as reported by many studies in Pakistan, e.g., [1, 51, 52] .
In the financial support network shown in Figure 5 , marketing information (InfoCom) and farm equipment (MachCom) from community sources and marketing information from private sources (InfoPrv) are highly-connected factors among farmers in all regions, while agricultural credit (Credit), marketing of farm products (Mark) and post-harvest services (Postharv) were loosely-connected factors. However, the connections within the financial network vary across regions. For instance, the study results suggest that farmers in Rahim Yar Khan are more connected to institutions and farmers in Gujrat are loosely connected. Further, the role of public institutions in providing financial support to farmers is not impressive, as farmers mainly rely on the community sources such as friends and co-farmers and private sources like input dealers and sellers. The loosely-connected public marketing information (InfoPub) is mainly due to the lack of recognition of it as a product among public institutions [56] . For farm equipment, farmers again rely mostly on the community and less on private and public sources. Here it is important to mention that the agriculture department in Punjab has launched a project to provide farm equipment such as laser-guided land levelers and water saving technologies at a subsidized cost through its on-farm water management departments, which are operative at the sub-district level [58] . Unfortunately, not all the farmers have access to those services due to a lack of awareness and capacity to pay the starting cost (initial investment) of the equipment.
Agricultural credit, an important factor in providing support to farmers in case of climate shocks and other disasters, is the weakest factor in the network. Access to public sources of credit is very limited in Gujrat and Toba Tek Singh and hence farmers in those areas rely totally on the community for financial support. These findings are in line with the results of the study [58, 59] , which reported that only 15% of farmers in Pakistan have access to a public source of credit. However, this ratio further decreased to 6.5% for poor farmers [58, 59] . Further, a high interest rate, lack of collateral or guarantee and lengthy processing may be some other reasons behind this poor credit access at the farm level. Further, the loosely-connected marketing of produce and post-harvest services implies that farmers in Punjab are most likely to get unfair prices for their produce due to the non-availability of marketing services. Here the role of a middleman is very important to discuss. Due to the lack of marketing infrastructure and access to local and regional markets, small farmers mainly sell their produce to the middleman at lower prices, which is one of the many reasons for low income at the farm level. Further, the non-availability of postharvest services at the local level shows farmers' inability to add value to their crops by the use of advanced technologies such as cold storage and grading and selling products at higher prices. All these findings imply that limited access to financial support services may have an adverse impact on the adaptive capacity, and anticipated climatic changes may lead to more vulnerability at the farm level in the absence of proper support infrastructure.
Structural Gaps in Current Institutional Support
Given an ego-network representing the set of nodes (factors) with direct ties to the focal nodes (farmers in different regions), a structural hole represents the absence of a tie among a pair of nodes in the ego network [48, 60] . The lack of structural holes around a node means that the node is well bound to other nodes to communicate and provide financial or adaptation knowledge services to farmers (focal nodes) [48] . Here in this study, we tried to explore the structural holes and gaps in the current institutional support to farmers using betweenness, brokerage and degree measures. The factors with more values in all three aspects may be better connected or bounded with farmers in providing different financial and adaptation services to farmers and vice versa. Figure 6a ,b presents the structural holes (betweenness, brokage) and degree of actors in both financial support and adaptation networks. Figure 6a shows that most of the adaptation factors are loosely connected to farmers and provide little support to farmers, especially in extension services for better crop production and information on new cropping technologies. The highest response (betweenness) is received by weather forecasting information from private sources (WeathPrv), with 60,256 ties and 330 degrees, while the lowest response was found in the case of weather information from the public (WeathPub) and private extension (ExtenPrv) with 87 and 85 ties and seven and 18 degrees, respectively. Similarly, Figure 6b shows that except for marketing information and farm machinery, all other services are loosely connected to farmers in the financial network. The highest response was found in case of marketing information from public sources (InfoPub), with 30,718 ties and 167 degrees; while the lowest connection was found in case of credit from public sources (CreditPub) with zero ties and degrees. All these results show that farmers in both networks have limited access to institutional services. Thus, institutions need to extend their support regarding all services so that farmers may benefit and enhance their adaptation and adaptive capacities. 
Adoption of Different Adaptation Measures and Access to Institutional Services
The study findings show that farmers are aware of climate change and make changes to their farming and livelihoods according to perceived climate change impacts. However, their decision to adapt is mainly dependent on the availability of the resources and information required to implement certain adaptation options at the farm level. For instance, farmers in our study preferred to adopt those measures which are cost-effective and easy to adopt, such as changes in crop varieties, crop types, plantation dates and input mixes. However, the adoption of advanced adaptation measures such as soil and water conservation methods, tree plantation, farm diversification and renting out land or migration was not very common among farmers for several reasons.
Further, to assess the adoption of different adaptation measures concerning interaction with different social networks, we formed three cases based on access to different services provided by different actors (Table 3) . Case 1 includes services that update farmers with knowledge related to crops, weather and the market. Case 2 deals with access to knowledge plus financial services that could enhance farmers' financial viability. Case 3 deals with access to adaptation knowledge, financial services and physical resources (farm machinery) that could enhance a farmer's overall adaptive capacity. The study results presented in Table 1 show that the adaptation response increases while moving from Case 1 (38%) to Case 2 (47%) and Case 3 (51%). This implies that adaptation increases when farmers have more access to different kind of services that are required for an effective adaptation to climate change. Further, we explore the adoption of adaptation measures under different access cases. It is clear from the study findings that farmers prefer the adoption of short-term and low-cost measures (changing crop varieties, crop types and planting dates), when they only have access to knowledge services (extension, market and weather forecasting information) under Case 1. However, when credit services are added to the knowledge services (Case 2), then farmers adopted some other measures (changes in input mixes like fertilizer, water and pesticide) that require more investment in addition to previous measures adopted under Case 1. Further, under Case 3, measures related to soil and water conservation, tree plantation and crop diversification are added to the list of adaptation measures. It implies that when farmers have sufficient physical and financial resources in addition to knowledge resources then they will also adopt advanced measures along with adoption of short-term solutions. These findings are in line with other studies, e.g., [1, 11, 39] showing positive role of social capital in enhancing local adaptive capacities to climate change. Changing crop varieties, crop types, planting dates, irrigation, input mixes, soil and water conservation, tree plantation and farm diversification
Enhancing the Role of Local Stakeholders in Adaptation to Climate Change
Following our previous results and based on a framework from [61] , the study explored the interaction of three main stakeholders for effective adaptation by looking into four key areas, namely information sharing, innovation and investment, capacity building and insurance. Leftmost part of the Figure 7 describes the current situation of interaction between the major actors in the study area. The arrow signs show the direction of service from one actor to the other, which may be either one-directional or two-directional. The dotted line(s) shows the weak or missing links, while the straight lines show the significance of the interaction between actors. Our study findings reveal that public institutions are more active in providing information services and investing at the rural or community level to provide different on-farm services, while the private sector is more involved in information delivery, the capacity building of farmers and innovation and investment. However, one thing is common in the work of public and private sector organizations, namely that most of their services are supply-driven (one-directional) and do not incorporate backward linkages with farming communities [54] . For instance, various public and private sector institutions are investing and providing smallor medium-scale agricultural loans to farmers, but they do not care for which purpose farmers use that credit. Similarly, the provision of advisory services to farmers is one-directional, where public or private extension workers are supposed to provide advice to a certain number of farmers and to meet their targets [1] . They do not even care about the actual needs of farmers. Here, public institutions have the advantage of their presence at the local level through its top-down hierarchy, but they are unable to deliver services adequately due to a lack of physical and human resources. On the other hand, private institutions have sufficient financial viability, but their outreach is limited in terms of area and scope. Further, capacity building is completely missed in the framework, with some exceptions in the case of private sector organizations that have designed limited ability building programs and training for farmers. Further, linkages between private and public institutions are very weak and no single instance was found in the study area where both kinds of institutions interact together to provide joint services to farmers.
To enhance the effectiveness of the existing institutional setup and to prepare it for effective adaptation to climate change, we propose an improved framework as shown in the rightmost part of the Figure 7 . This framework involves filling missing links and suggests focusing on partnerships and collaborative work at the various levels to provide better services to farmers so that they may effectively adapt to climate change. The basic stimuli for such collaborative actions arise from the limitations in terms of the function, capacity and scope of institutions within the public, private and community domains. Each institution has some limits and may not have all the required expertise. Hence, through active cooperation and collaboration, different stakeholders may benefit from each other's expertise to fulfill their common goal of agricultural sustainability and improving farmers' wellbeing.
Increasing adaptive capacity is dependent on the acquisition of information and technologies at farm level; hence an increase in the coverage by on-farm services in the study area will enhance adaptive capacity [12] . Therefore, through this study, we proposed an integrated framework to improve the support to farmers so that they may be able to better adapt to climate change. This frame, provided in Figure 7 , suggests four types of partnerships, i.e., public-private, private-social, public-social and community-community. For collective action and collaboration, the role of the central government is critical and may act in this framework as a connecting body to facilitate and connect all stakeholders. Now we will discuss these partnerships one by one.
Public-private partnerships: Public-private partnerships (PPPs), which involve the private sector as a partner in recognizing and adapting to climate change in developing economies, are essential for multiple reasons. PPPs may play a key role in mobilizing financial resources, enhancing technical capacity, engaging communities and developing climate services and adaptation technologies [62] . Public and private sector organizations may use each other's expertise and may thus serve better than individually. The public sector may dominate in providing the startup infrastructure and physical resources required to initiate joint adaptation efforts. Private entities may provide their expertise to infrastructure investments and agricultural research to develop more drought-resistant varieties, water management infrastructure and technologies, capacity building of government officials and service providers. It is observed that most public institutions are related to agricultural work in isolation from their sister institutions. Therefore, public-private partnerships will not only help to connect public and private entities, but will also join all public institutions to work together for climate change adaptation in the agriculture sector. Further, these partnerships may also be helpful in designing effective dissemination and training models to provide adaptation services and training to farmers such as joint farmer field days, discussion groups, exchange visits [63] . The local adaptive capacity may also be improved through public-private collaborations, where the private sector may be engaged to develop financial assistance services to farmers exposed to climatic risks and disasters such as floods, extreme temperature events and droughts [64] .
Social-private partnerships: Social-private partnerships are mainly suggested to improve communication between communities and private sector organizations working in rural areas. As various private sector bodies provide advisory and technical services to farmers to improve their crop productivity. Private sector institutions may involve communities to get their feedback about provided services and may enhance their services according to farmers' needs [65] . Private sector organizations in cooperation with public entities and communities may design schemes to provide farm level access to advance on-farm services such as water and soil testing laboratories, need-based farm advisory services and climate-smart loans. However, active monitoring and checks may be required to ensure the effective use of climate-smart loans.
Another component of climate change adaptation is the insurance to climatic risks, which has been completely ignored in the agricultural sector in Pakistan. The private sector may take advantage of this gap and may develop some insurance schemes to protect farmers from climatic shocks. Risk is always recognized as a constraint to the adoption of new practices and technologies [66] . Providing farmers with risk insurance will enable them to take more risk to generate more profit. Initially, risk insurance schemes may be tested on a small scale for single crops before it is extended to a larger area and multiple crops.
Public-community partnerships: Public-community collaboration is essential to transform supply-driven services towards need-based services. Most of the on-farm services, including extension and on-farm management, do not consider the currently changing needs of farmers [67] . Through public-community partnerships, public entities may be able to collect information from farmers on their needs and issues to improve service delivery, introducing need-based services and solutions to farmers. Here, the collaboration of public-private partnerships may also play a useful role in this transformation.
Another important aspect of these collaborations may be to use already-established networks and farmer groups. For instance, in Punjab, under the new irrigation reforms, farmer organizations have been established at canal circle level to manage irrigation water and to collect water charges [68] . These organizations have elected members and public offices and have connections at the grassroots level. Thus, public entities may use these established organizations to improve their service delivery and extend their scope, including climate change adaptation services.
Community-community collaborations: Another perspective of social networking may be to enhance community-to-community and farmer-to-farmer interactions to enhance local adaptive capacity and service provision. Various studies, e.g., [1, 39, 40] have identified the potential role of such cooperation in enhancing local adaptation decision-making. Further farmer organizations may also play a significant role in increasing such forms of networking among farmers through community meetings. Public and private institutions may collaborate with each other to arrange capacity-building training for farmers to highlight the importance of collective work and to teach methodologies to increase resilience to climate change.
Conclusions
Social networks can play a key role in enhancing the adaptive capacity of farming communities to climate change. Using a cross-sectional dataset of 450 farm households, this study examines social networks at the local level and their role in the adaptation process and investigates the structural gaps in the current institutional support at the farm level.
The study reveals that most of the farmers have access to various kinds of institutional services. However, still, there were some respondents who do not participate in any services provided by various institutions. Private, public and community sources provide diverse types of climate change adaptation and financial support services to farmers. However, the findings of the social network analysis indicate that the network has very low density, showing various loosely connected factors in the system. The results from both networks show that District 3 (Gujrat) has the lowest response to activities across the study area and within the three categories. In the climate change adaptation network, farmers are strongly connected to private sources to acquire weather forecasting information and are loosely attached to a public source of weather forecasting information. Weather forecasting information from public sources was completely missing in the case of Gujrat and Toba Tek Singh and only a few farmers in Rahim Yar Khan have access to a public source of weather forecasting, which could be due to the presence of the weather station in Khanpur. Weather stations in the other two locations are far away from the respective cities. Particularly agricultural extension, an important source of information for farmers to improve farm productivity, is found to be very weak in the Gujrat district. This could be due to several factors: it has the highest null response rate of 31%, because the area is characterized by high subsistence agriculture, low education and the low availability of surface water. Similarly, in the financial support network, farmers were mainly connected to marketing information from community sources and marketing information from private sources. This indicates how loosely farmers are linked to public sources of services and how positively community sources are serving farmers to improve their resilience and adaptation to climate change. The social network analysis also reveals that the farmers in Gujrat district are least connected, compared to farmers in the other two districts. Further, the adaptation response was high in cases where farmers are well connected with social actors and are provided with sufficient services. Greater adoption of advanced measures by farmers with sufficient knowledge, physical and financial resources implies that the provision of physical and financial resources to farmers is very important to enhance their local adaptive capacity and the adoption of all kinds of adaptation measures.
The study further analyzed the current institutions (public, private and community) at the local level in terms of four key areas (information, innovation and investment, capacity building and insurance) and found that public and private institutions are not linked at the local level. Further, most of the services provided by public and private institutions are one-directional and miss the backward linkages with communities and farmers. Public and private organizations also fail in the insurance part of the framework. Based on the study findings and review of the literature, this study suggests an improved integrated framework to enhance the networking between different stakeholders. This framework mainly focuses on the four kinds of partnerships between the various ties of the local network such as public-private, private-social, public-social and community-community linkages. Such collaborations at the local level could improve the financial viability and adaptive capacity of farmers and may help them to improve their crop productivity and livelihoods.
